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To: The Arizona Corporation Commis 

From: Paul H 602.757.8624 

d Interested Parties 

Many hours of research have been performed to find answers posed by the 
community when discussing RF, wireless, cell phones, and smart meters being 
responsible for the population’s alarming health issues. The Western countries 
have skyrocketing rates of chronic diseases such as Alzheimer’s, Parkinson’s, 
Autism, Cancer, and heart disease. Today’s numbers correlate with wireless use 
and yet it’s not recognized. Here in Arizona the 2011 death rate numbers jumped 
a couple of thousand while the state saw a decrease in population. Billboards now 
advertise cremation services and after contacting a local funeral service I found that 
business has been doing quite well lately. 

Thousands of studies show biological effects from low level non-ionizing radiation 
along with many independent scientists and doctors confirming them. Countries al l  
over‘the world are waking up to  the fact that wireless is harming their population. 

Simple experiments were duplicated with positive results. Yet when brought to  
the attention of medical professionals they were met with huge disbelief. A typical 
response was “That’s not my specialty” or “The machine must be broken.” The 
latest non-ionizing biological effects evidence is  overwhelming. Maybe the 
pharmaceutical and wireless companies, being the two top lobbyist in the country, 
already know the answer. 

We all have heard stories of people that were admitted to  the emergency room 
and had a heart attack a t  the hospital. Should this be seen as a coincidence? Or 
due to  extremely high levels of rf radiation well over FCC limits? Why aren’t they 
aware of this problem? Because they can’t see, smell or hear it. Most doctors baulk 
a t  the idea that wireless could be a major problem. 

For answers to  this denial we have to  look back to  the 1950’s. In one of the 
attached papers we read about a story involving an “Operation Paperclip” German 
physicist named Herman P. Schwan. Could his incompetent studies be the reason 
why the FCC has set “thermal protection only” safety standards? 
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Brain Diseases Affecting More People and 
Starting Earlier Than Ever Before 
*enlarge 

Scientists have found that the sharp rise of dementia and other neurological deaths in people 
under 74 cannot be put down to the fact that we are living longer. The rise is because a higher 
proportion of oldpeople are being affected by such conditions -- and what is really alarming, it 
is starting earlier and affecting people under 55 years. (Credit: 0 Colinda McKie / Fotolia) 

May 10,201 3 - Professor Colin Pritchard's latest research published in journal Public Health 
has found that the sharp rise of dementia and other neurological deaths in people under 74 cannot 
be put down to the fact that we are living longer. The rise is because a higher proportion of old 
people are being affected by such conditions -- and what is really alarming, it is starting earlier 
and affecting people under 55 years. 

Of the 10 biggest Western countries the USA had the worst increase in all neurological deaths, 
men up 66% and women 92% between 1979-2010. The UK was 4th highest, men up 32% and 
women 48%. In terms of numbers of deaths, in the UK, it was 4,500 and now 6,500, in the USA 
it was 14,500 now more than 28,500 deaths. 

Professor Pritchard of Bournemouth University says: "These statistics are about real people and 
families, and we need to recognize that there is an 'epidemic' that clearly is influenced by 
environmental and societal changes." 

Tessa'Gutteridge, Director YoungDementia UK says that our society needs to learn that 
dementia is increasingly affecting people from an earlier age: "The lives of an increasing number 
of families struggling with working-age dementia are made so much more challenging by 

http://www.sciencedaiIy.com/releases/2013/05


services which fail to keep pace with their needs and a society which believes dementia to be an 
illnesS of old age." 

Bournemouth University researchers, Professor Colin Pritchard and Dr Andrew Mayers, along 
with the University of Southampton's Professor David Baldwin show that there are rises in total 
neurological deaths, including the dementias, which are starting earlier, impacting upon patients, 
their families and health and social care services, exemplified by an 85% increase in UK Motor 
Neurone Disease deaths. 

The research highlights that there is an alarming 'hidden epidemic' of rises in neurological deaths 
between 1979-20 10 of adults (under 74) in Western countries, especially the UK. 

Total neurological deaths in both men and women rose significantly in 16 of the countries 
covered by the research, which is in sharp contrast to the major reductions in deaths from all 
other causes. 

Over the period the UK has the third biggest neurological increase, up 32% in men and 48% in 
women, whilst women's neurological deaths rose faster than men's in most countries. 

Professor Pritchard said, "These rises in neurological deaths, with the earlier onset of the 
dementias, are devastating for families and pose a considerable public health problem. It is NOT 
that we have more old people but rather more old people have more brain disease than ever 
before, including Alzheimer's. For example there are two new British charities, The Young 
Parkinson's Society and Young Dementia UK, which are a grass-roots response to these rises. 
The need for such charities would have been inconceivable a little more than 30 years ago." 

When asked what he thought caused the increases he replied, "This has to be speculative but it 
cannot be genetic because the period is too short. Whilst there will be some influence of more 
elderly people, it does not account for the earlier onset; the differences between countries nor the 
fact that more women have been affected, as their lives have changed more than men's over the 
period, all indicates multiple environmental factors. Considering the changes over the last 30 
years -- the explosion in electronic devices, rises in background non-ionising radiation- PC's, 
micro waves, TV's, mobile phones; road and air transport up four-fold increasing background 
petro-chemical pollution; chemical additives to food etc. There is no one factor rather the likely 
interaction between all these environmental triggers, reflecting changes in other conditions. For 
example, whilst cancer deaths are down substantially, cancer incidence continues to rise; levels 
of asthma are un-precedented; the fall in male sperm counts -- the rise of auto-immune diseases - 
- all point to life-style and environmental influences. Science Daily, rise inneurological deaths 
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WissenschaR Forschung Dr. Ho - Non-Thermalbiological Efkcts 
c EMFMobilfUnk 
Dr. Ho Non-Thermal Effects 

Electromagnetic fields too weak to heat up the body had been linked to cancer and 
other illnesses since the 1960s. The current ‘safety’ limits are still inadequate to 
protect workers and the public from these effects. Dr. Mae- Wan Ho exposes the bad 
science at the centre of the controversy. 

The current debate over the health hazards of mobile phones is a continuation of the 
debate over the health hazards of weak electromagnetic fields m the entire fiequency spectrur 
that began m the 1950s. 

of the nineteenth century when Russian scientist Danilevsky observed efkcts of radio-fiequen 
fields on a muscle preparation that included the nerve supplymg the muscle. Investigations pea 
sjmuttaneously with the development of radar between 1930 and 1940, but ended abruptly vt 
World War 11 [l]. 

Interest m the subject was rekindled by the discovery that animals and plants hiled to 
thrive and even died m areas exposed to radio waves beyond a certam minimum power densi 
and also by complaints of workers at radar stations. Research resumed m the 1950s m the 
fbrmer Soviet Union and the United States, as well as m Poland, Italy, and later, Britain, 

Public debate over the health hazards of electromagnetic fields began m the United 
States, In 1973, biologist Robert Becker was approached by the US Navy Commander Pau 
Tyler to serve on a panel of experts to evaluate some experiments that the Navy had finaded. 
These were m connection with an antem system the Navy was plannmg to build m northern 
Wisconsin that mvolved gnds of buried wires that would extend over thousands of square mil 
of land. It was to be used fbr communication with submerged submarjnes. 

Because of the large size of the antenna system, and kars that the non-ionking 
electromagnetic radiation (NIEMR) it would emit mght have impacts on health and the 
environment, Congress had ordered the Navy to carry out the studies. 

Mediated Growth Mechanism m Living System”, and Becker had delivered a brilliant kept 
paper that s d e d  his work up to then, which revealed how electrical fields and currents 
produced by the body are controlling growth and regeneration. By the 1960s, Becker had 
already proposed a theory that an electrical communication system exists within all hvmg thmg 
and also showed that externally applied fields could influence the processes of growth and 
regeneration. 

But Becker was also worried about the undesirable, hamifid efkcts that could come 1 
exposures to external electromagnetic fields that were oRen orders of magmtude stronger tlm 
fields within the livrng body. He had taken on a graduate student, Andrew Marino to conduct 

The first experiment on the biological e&cts of electromagnetic fields dates h m  the 

The New York Academy of Sciences had sponsored a codrence on “Electrically 

\MMN.hes~prqect.org/delemfMlissenschaffFarschung~o-Dr.-MaeWan/s~oc.php?lang=de&header=Dr. Ho&file=Non-ThermalbidogicaI Effects.html&ba.. . 1/5 
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some studies on mice and rats. 
Marino had indeed f o d  that animals exposed to NIEMR sacred adverse effects, 

when Becker was asked to review the studies that the Navy had fimded. 
There were seven scientists on the panel reviewing more than 30 studies. Nearly two- 

thirds of the studies had h d  biological effects fiom exposure to NIEMR; and these were in 
variety of species, mcludmg slime-mould, rats, birds and humans. The upshot was that all the 
panel members thought the proposed antenna was a potential hamrd to human health, and thc 
drew up a long list of recommendations and fiKther studies. 

In the middle of deliberations, someone pomted out that the Navy’s proposed antem 
produced NIEMR similar to that produced by hgh-voltage powerlines, and that m the largest 
lines carrying 765 000 volts, the strength of the NIEMR rmght be as much as a million times 
stronger. That threw the panel mto disarray. The discussions became heated, but eventually, t 
scientists agreed they had to recommend some action: that the Navy should intbrm a special 
committee advisory to the President that many Americans rmght be “at risk” fiom NIEMR fic 
power lines. 

Marino, who told his story m a book published years later [2] had no idea that he am 
supervisor were about to be drawn into one of the most acrimonious and lonely battle against 
mdusti-ial-m complex, and prominent Sgures m the scientific establishment were to play ti 
key role m victimising him and his supervisor. When it was all over, Becker would lose all gra 
support, and would have to close his laboratory m Syracuse, New York, aRer 20 years of 
pioneering research on the electromagnetic basis of IMng organisms. 

Marino had hund that animals exposed to NIEMR of 6OHz fiom the wall outlet gain 
less weight and drank less water. The exposed anitnals also had altered levels of blood protei 
and enzymes. That was precisely the same NIEMR that would come fiom power lines. He h 
repeated the e x p e h n t  twice, with the same results. 

By then, at least two 765 000 volt lines were being planned, and Marino and Becker 
were called to give evidence at a powerline hearing which arose fiomBecker’s warnings. Tht 
experiments had confirmed what the Navy’s own studies had hund. Becker had no doubt thi 
the power line was a potential health risk. 

Unfortunately, they were up against Herman Schwan and other scientists who would 
defending the industry and their own prestige m the scient& establishment. 

Schwan had come to United States fiom Germany m 1947 under Project Paperclip, ; 
controversial government programme to import German scientists after WWII. He worked f 
the US Navy until 1950 when he became a profkssor at the University of Pennsylvania. Schw 
had done some research on NIEMR m Germany during the war. After arriving m the US, he 
began to publish papers saying that ‘the laws ofphysics’ showed that the only efikcts of NIET 
on hng thmgs would be through heatmg or electric shock. 

Schwan’s writmgs were bound up with the fkderal government’s concern, which su& 
m the 1950s, over nrilztary employees who were reporting various injuries fiom working aroul 
radar - eye injuries, temporary and permanent stew, internal bleeding and other problems. 
response to these complaints, an Air Force surgeon, Colonel George Knaufwas asked to 
determine how much NIEMR was safk. Knaufand Schwan began to work together, with 
Schwan bemg the expert on biological efkcts. 

Schwan regarded the stories of non-thermal injuries anecdotal and unreliable. 
Accordmgly, he regarded NIEMR sa& if it did not cause heatmg. What was the rmximmn lei 
Schwan ‘s answer was that the body could handle a certam amount of heat, for example, by 
sweating, but ifthe heat reached the point at which the body’s regulatory mechanism broke 

\MMN.heS~prqectorgJdele~~ssenschaftForschung/Ho-Dr.-M~WanlshawDoc.php?lang=de&headar=Dr. Ho&file=NmThermalbidcgical Effects.Mml8ba.. . 2/5 
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down, temperature would rise and injury would result. Accordmg to his calculations, the ‘sag 
level would be 10 milliwatts per square centitnetre (mW/cd). 

This level was adopted provisionally by the Department of Defence m 1955, and Km 
got the go-ahead to fund a series of animal experiments to ver@ Schwan’s calculations. 

One of the researchers W e d  was Solomon Michaelson at the University of Roches1 
who used beagle dogs as a test anrmal, and, “in a revoltmg series of experiments, he literally 
cooked dogs alive withNIEMR at levels of 50 to 100mW/c11?’~ [3]. He recorded burns, flu& 
oozing fiom the bram and eyes and body temperatures rising to 106- 108F. 

observed at NIEMR levels only shglitly above the safety litnit set by Schwan. There was not 
instance of an experiment W e d  by the programme that was conducted at power densities 
below the litnit. In other words, non-thermal eficts were never mvestigated. 

Schwan was subsequently appointed chair of a committee of the American National 
Standards Institute (ANSI), whose goal was to set a NIEMR limit or industry. It came as no 
surprise that ANSI accepted Schwan’s position and lOmW/cd became the “safk” level fbr I 

industries as radar and radio and others whose employees would be exposed to electrical 
equipment. 

lectures, which culminated m his election to the National Academy of Engineeriug. 

of NIEMR below 1 OmW/cd. There were m fhct such reports, particularly fiom the former 
Soviet Union, that were never acknowledged by Schwan. Schwan’s litnit came solely fiom 
calculations based on non-biological models, or dead tissues; and all subsequent experiments 
were simply rationalisations of it, as Marino pointed out. 

Michaelson, too, declared that so long as NIEMR levels were below Schwan’s litmt, 
they were completely safk. He was especially critical of Soviet scientists who found non-then 
eficts below that threshold, and had set safkty limits f8s more strmgent that that m the US. Hc 
said that the harm done to industry and the mihtary fiom such strmgent limits would outwelgh ; 
proposed public-heahh benefit. 

In 1965, the safe exposure litnit set fbr the general public m Czechoslovakia was m th 
range of microwatts/cd, ie, a thousand times smaller than that m the United States [ 11. 

Michaelson’s public declarations brought him rainy important appointments to 
committees of the National Academy of Sciences, the World Health Organization, the North 
Atlantic Treaty Organisation, President’s OfEce of Telecommunication Policy, Electric Power 
Research Institute, etc. 

Both Schwan and Michaelson were to be major witnesses on behalf of mdustt-y agam 
Marino and Becker. 

It turns out that in the mid- 1960s, the power industry m the US had already obtamed 
copies of Soviet studies on the biological eects of NIEMR fiom powerhes. The American 
Electric Power Company (AEP), one of the largest m the US, commissioned a study by scien 
m Johns H o p b  Universrty, the results ofwhich were released m 1967. In a survey mvohg 
linemen, two were fbund with reduced sperm count. In a second study, mice exposed to N E  
were not harmed, but their oflipring, which were not exposed, were stunted. No more f b k w  
studies were carried out, and request by the John Hopkins team for firrther h d m g  was turnec 
down. 

Other mvestigators confirmed Michaelson’s work. Gross acute eficts had been 

Over the next twenty years, Schwan published dozens of papers and gave hundreds 

What Schwan said in most of his papers was that there were no known biological eff 

At an mternational confkrence on hgh-voltage powerlines m Paris m 1972, Soviet 
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engineers announced for the first time to the West that they had performed investigations on tl 
efkcts of NIEMR on workers and concluded they needed protective clothmg. They reported 
reduced sexual potency and adverse effects on the central nervous system, the heart and 
circulatory system 

The power mdustry released translations of the Soviet reports, which were prehced 1 
Howard Barnes, an engineer for AEP involved m the John Hopkins sMies. The Soviet scienl 
had studied hundreds of linemen, compared to the 1 1 m the American study. And while the 
American sMy involved only physical examinations, the Soviets had performed psychologica 
and neurological tests as well. 

But Barnes, m his introduction, invoked an argument that’s all too hniliar m the curre 
GM debate. He pointed out that there were then 500 000 miles of hgh-voltage lines m the Ut 
and there wasn’t a smgle report, not one codinned case, of anyone being kikd or made ill b; 
the NIEMR fiom such lines, so they must be sa&. 

As m the case of GM food, that statement was based on there having been no studie 
the effects of hvmg near the power lines. 

The story that unfolded makes riveting reading. Research findings were suppressed a~ 
klsiiied. Important scientilic witnesses failed to hrm up or were not contactable. Committees 
were stacked with industry-fiiendly scientists. 

Marino, Becker and citizens won m the end, at tremendous personal costs to theme1 
They prevented one of the two big power lines fiom bemg bmk, and the company that built th 
first announced it would not build another 765 000 volt line. 

orthodoxy. He denied all scientific evidence that went against his a priori calculation based 01 
the ‘known laws of physics’ and the utterly hlse assumption that the hmg organism was to bc 
regarded as no difFerent fiom dead or inanimate matter. 

As Marino wrote, “..Schwan seemed to view the studies [reportmg non-them1 N E  
efkcts] as weeds m the garden of known physical laws. Because the know laws did not pred 
the results of the sMies, Schwan’s reaction was to denigrate them, rather than assume that th 
existed d o w n  laws, or unknown interpretation of known laws..” 

Schwan was not alone, the scientific establishment had thrown its weqjht behind his 
position until it became untenable. But there has been little change m scientific outlook since. 

To this day, the ‘sak’ exposure limits recommended by the international authority, 
hternahnal Committee fbr Non-Ionising Radiation (ICNIRP) take no account of non-therm 
efEkcts, despite the mountjng evidence of health hazards fiom such efkcts. 

depression and suicides m England, to cancers m both children and adults m Colorado m the 
United States. Housewives m Oregon who lived m houses with radiant electric heating were 
subject to mcreased cancer risk. In Sweden, a correlation was reported between cancer m 
juveniles and proxmity to hgh-voltage power lines m the Stockholm area. A cluster of rare 
lethal ovarian turnours was found m five young girls lnrmg near a 69 000 volt line m Florida. 

and women hvmg m c o d s  containing cities near Air Force bases were more likely to get 
cancer than people m similar counties not located near Air Force bases. 

Finally, a correlation between electric blankets and miscarriages was also reported. 
Successive reports since then, mcludjng the latest fiom the UK National Radiological 

Protection Board that accepts the links to childhood leukaemia, stops short of drawing any fi 
conclusions because of the absence of “any proven biological m e c w m ” .  

Most revealmg m the entire episode was the way Schwan deknded the indefensible 

By the 1980s, Marino could already point to the studies reportmg NIEMR links to 

Similar association between NIEMR and cancer was reported m Wichita, Kansas. N 

w.hesc+ prqect.org /de/enfMlissenschaftForschung l!i 0-D r ,M ae- Wd.sWoc.php?lang =de8header= D r . H &fi le= N mThermal bidog ical Effects.html8ba.. . 4/51 
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Introduction 

Specific Absorption Rate (SAR) is defined as the amount of 
absorbed non-ionizing radiation power (or rate of absorbed 
energy) by unit mass of biological tissue. 

The rsason for the introduction of SAR as a non-ionizing 
radiation - Radio Frequency (RF) Electromagnetic Field (EMF‘) 
dosimetric quantity, was - as with the rate of absorbed dose in the 
ionizing case - to describe the amount of absorbed energy and the 
rate by which it is absorbed within an exposed tissue and not just 
the radiatiodfield intensity on its surface. This derives from the 
fact that when radiation exposes matter, most usually, it does not 
interact completely with it and in such a case only a part of its 
energy gets absorbed. The remainder just passes through without 
affecting the medium. 

The aIpount of absorbed energy by a certain amount of matter 
(within a certain time interval) will determine the degree of 
interaction. But in the case of biological matter this is not as 

simple. Biological tissue is a much more complicated and 
organized form of matter compared to inanimate. The degree of 
interaction does not necessarily determine the biological effect 
because that depends on which specific bio-molecule - or set of 
bio-molecules - from a whole tissue or organ will interact with the 
radiation. Some bio-molecules may get damaged while others may 
not by the same amount of radiation energy absorbed within the 
same time-interval. 

Interaction between man-made electromagnetic 
radiation and living matter 

Man-made electromagnetic waves are produced by electromag- 
netic oscillation circuits (“Thomson” circuits), not by atomic 
events (as in the case of natural electromagnetic radiation - 
infrared, visible, ultraviolet, x-rays, y), and for this they are 
polarized in contrast to natural electromagnetic radiation that is 
not. The plane of polarization is determined by the geometry of 
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the circuit. Polarized electromagnetic waves (in contrast to non- 
polarized) can produce interference effects and induce coherent 
forced-vibrations on charged/polar molecules within a medium. 

When a polarized, non-ionizing electromagnetic oscillation - 
wave - passes through a mass of polar and charged molecules, 
such as those composing biological tissue induces a forced- 
oscillation on each of these particles that it meets and transfers to 
each of them a tiny part of its energy. This induced oscillation will 
be most intense on the free particles which carry a net electric 
charge such as the free (mobile) ions that exist in large 
concentrttions in all types of cells or extracellular biological tissue 
determining practically all cellular/biological functions [1,2]. The 
induced oscillation will be much weaker or even totally negligible 
on the polar biological macromolecules and the water molecules 
that do not have a net charge and additionally are usually bound 
chemically to other molecules. 

After each such event of interaction between the wave and a 
charged or polar particle, the remaining wave continues on its way 
through the tissue possibly scattered by a tiny angle and reduced 
by a tiny amount in its amplitude/intensity. After large numbers of 
such events, depending on the tissue's mass, density, and the 
number Qf polar/charged molecules, the remaining wave, if any, 
leaves the tissue as a scattered wave of reduced amplitude/ 
intensity. 

When the amplitude/intensity E of the oscillating field or wave 
is decreasing after interaction with the charged/polar molecules of 
a medium, its energy density decreases as well, according to the 
equation for the energy density of a plane, harmonic electromag- 
netic wave (as those usually produced by "Thomson" circuits): 

We, = €€,E2 (1) 

W, is tlie total energy per unit volume of the electromagnetic 
wave, and E the intensity of the electric component of the wave 
within a medium with relative permittivity E .  
E ,  =8.854x lo-'' C2/N.m2 is the vacuum permittivity. 

That means that a part of its energy per unit volume is 
transferred to the charged/polar molecules of the medium. 

The amount of energy absorbed by a single free ion within 
biological tissue will manifest itself as kinetic energy of the forced- 
oscillation induced on that particle. The maximum kinetic energy 
of the forced-oscillation is given by: 

(2) 
1 

I -  2 E - -  m , g  

where, m, is the ion mass which in the case of a Na+ ion, is m, 
= 3 . 8 ~ 1 0 - ' ~  kg. u, is the particle's maximum velocity of the 
forced-oscillation assumed to be equal to g0.25 m/s,which is the 
drift velocity of Na' ions along an open trans-membrane sodium 
channel, as calculated by patch-clamp ionic current measurements 
through open channels [3-51. This maximum velocity (and kinetic 
energy) of the free ion is independent of the frequency of the 
external field [5,6]. 

From Eq. (2) we get that the energy absorbed by a single ion due 
to the interaction with the electromagnetic wave, is: 
= 1 . 2 ~ 1 0 - ~ ~  J. 

Considering that the concentration of free ions within cells is on 
the order of 1 ion per nm3 [l] and a typical cell volume up to 
lo3 pn3, a single cell contains about 10" free ions and thus it will 
absorb about ~ O ' ' X ~ O - ' ~  J =  J. A human body of average 
size consisting of cells, will absorb about 
10'4x10-L5= lO-'J. For waves emitted by a supposed 

unidirectional antenna operating with 1 W (=  1 J/sec) output 
power, (thereby transmitting energy 1 J per sec) it takes about 10 
human bodies in sequence in order to be totally absorbed, 
according to the above mechanism, which seems a reasonable 
result. 

But as mentioned already, except of the energy absorbed by 
mobile ions within biological tissue there will be additional energy 
absorption by the water dipoles and the charged or polar 
macromolecules like proteins, lipids, or nucleic acids, which will 
also be forced to oscillate by the applied field. While we can have 
an estimation as shown above for the energy absorbed by mobile 
ions, we are unable to estimate much smaller amounts of energy 
absorbed by charged or polar biological molecules. These smaller 
amounts of energy may be of decisive importance for the 
biological effect. 

Even if we could accurately estimate macroscopically the 
amount of absorbed energy by a whole organ (e.g. by measuring 
an increase in temperature if any), again the biological effect 
depends basically on which specific bio-molecule(s) will absorb a 
certain amount of energy during a certain time-interval and this is 
impossible to discern. For example, when radiation is absorbed by 
lipids the damage will most likely be less than when the same 
amount of energy is absorbed within the same time-interval by 
enzymes and potentially even smaller than when absorbed by 
nucleic acids - especially DNA. Moreover, the situation becomes 
even more complicated in case that the biological effects are 
indirect. For example, a damage in the DNA may be due not to 
the energy absorbed directly by the DXA molecule but due to a 
conformational change in a membrane protein leading to irregular 
alteration of intracellular ionic concentrations [5,6] and this in 
turn giving a signal for a cascade of intracellular events causing 
irregular release of free radicals or DNases which finally damage 
DNA (indirect effect). 

Thus, even if we were able to determine the total amount of 
energy absorbed by an organ, tissue, or even a single cell during a 
certain time-interval, we still are not able to know the biological 
effect because this depends on the amounts absorbed by a variety 
of different biomolecules presenting widely varying interactive 
sensitivities to the radiation. In regard to ionizing radiation, this is 
well established. More specifically, it is well known that the 
biological effects of ionizing radiation depend a) on the type of 
ionizing radiation; it is known that equal doses (absorbed energy 
per unit mass of biological tissue, in Gy=J/kg) of different 
radiation types (e.g. alpha, beta, gamma, x, etc) absorbed during 
the same time-interval, result to different biological effects on the 
same type of biomolecule/tissue, b) on the type of biomolecule/ 
tissue that absorbs a certain dose at a certain rate; a certain dose of 
a specific type of radiation - absorbed within a certain time- 
interval - will induce different effects on different biomolecules/ 
tissue-types depending on their sensitivity and size [7,8,9]. We may 
then reasonably speculate that respectively, different types of non- 
ionizing radiation of the same SAR (differing between them in 
modulation, frequency, polarization, wave shape, etc) will induce 
different effects on a given type of biomolecule/tissue and 
moreover, that sensitivity of different biological molecules plays 
a crucial role in regard to the possibility of damage by a specific 
type of non-ionizing radiation at a certain SAR as well. These 
important issues are not addressed by SAR dosimetry. 

Thereby, it follows that in the case of biological matter, the 
amount of absorbed energy as well as the rate of its absorption 
(SAR) does not determine the biological effect. 
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Evaluation of SAR as a Dosimetric Quantity 

The absorbed energy is normally well below the thermal 
level , 

While we arc unable, as explained, to calculate accurately 
(microscopically) the absorbed energy at cellular level, we can 
estimate macroscopically with some satisfactory accuracy the 
energy absorbed by a whole body, or organ or tissue. But as we 
shall show (in the next section of the present study), only when the 
absorbed energy is large enough to cause measurable temperature 
increases. This naturally occurs when the absorbed radiation has a 
frequency above the lower limit of infrared which is about 
3x10" Hz [2]. Man-made microwave radiation used in modern 
telecommunications and other applications with frequencies 10'- 
10" Hz cannot directly cause temperature increases in biological 
tissue unless it is of large enough power density (well above 1 mW/ 
cm'). Radiation of even lower frequency would need to be of even 
larger power/intensity to produce thermal effects. Usual micro- 
wave intensities in modern human environment (mainly due to 
mobile telephony handsets and base station antennas, Wi-Fi, and 
radio-television station antennas) range between 0.01 lW/cm2 
and 100 pW/cm2. Man-made radiation that has neither the 
frequency nor the intensity to cause thermal effects, it can still be 
absorbed - as explained above - in much smaller quantities by 
inducing !arced-oscillations on polar molecules and free charges 
such as the free ions within all living cells. These forced-oscillations 
are superimposed on the thermal vibration of the same particles, 
increasing their thermal energy. But as we shall demonstrate, the 
energy of the oscillations induced by external EMFs at environ- 
mental exposure levels (intensities) is normally millions of times 
smaller than the average thermal energy k T  of the molecules 
within a biological tissue, and thus does not produce measurable 
temperature increases. Although these induced oscillations (with 
kinetic energy usually millions of times lower than the average 
thermal energy) normally do not add to tissue temperature, they 
can still cause severe biological alterations (such as DNA damage) 
without heating the tissue [lo]. These are called "non-thermal 
effects" and if not properly equilibrated by the organism's immune 
and other compensatory systems, they may very well result in 
health effects [I 1-14]. 

The maximum velocity of the ion's induced vibration is 
assumed to be, u, =0.25 m/s as explained, and the corresponding 
maximum kinetic energycalculated by Eq (2), is: E, 

This ion possesses also an additional average vclocity u k Z  due to 
its thermal energy. The average kinetic energy of a single-atom 
molecule/free ion due to thermal motion [15], is: 

J. 

which gives: 

3kT 
U k T =  .J.; (4) 

where ?=310 "K (the temperature of the human body 37'C), 
k =  1.381 x ~ O - ~ ~  J.K-' the Boltzmann's constant, and rn, the ion's 
mass (m, 23.8 x kg for Naf ions) [5,6]. 

From Eq (3), (4) we get:Ek~~6.4X10-"J, anduk7 
=0.58 x lo3 m/s. 

Comparing the values of the above two different velocities/ 
energies we find that, the maximum velocity acquired by a free ion 
within a cell due to an environmental EMF is normally about 

UkT 2 . 3 ~ 1 0 ~  (E -) times smaller than its average thermal velocity 

1 
and its corresponding maximum kinetic energy ~i = -m, u: 
induced by the environmental EMF is about 5.3XlO Qmes 

smaller than the average thermal energy -kT of such a particle. 

The average values of the environmental EMF-induced velocity 
and kinetic energy are even smaller than the above average 
thermal values. 

Thereby, we have shown that oscillations induced on biological 
molecules by environmental EMFs do not usually contribute to the 
tissue tcmperature, except if these fields were millions of times 
more powerful, like for example the fields within a microwave 
oven operating at about 1000 W and focusing all of its radiating 
power within its cavity, in contrast to e.g. a GSM (Global System 
for Mobile telecommunications) mobile phone (-0.1-1 W) or 
even a mobile telephony base station antenna (-10-100 W) 
radiating (and distributing their energy) in all directions within 
wide angles. 

Except of the tissue heating by high-power microwave 
radiation, the induction of small temperature increases on the 
order of 0.15-O.3"C has been reported after exposure of biological 
samples (C. elegans) to continuous wave 1 W, 1 GHz microwave 
radiation within a Transverse Electro-Magnetic (TEM) cell [16]. 
Nevertheless, in real exposure conditions as e.g. in the case of a 
GSM mobile phone during normal "talk" operation the average 
power density even in contact with the antenna hardly exceeds 
0.2-0.3 mW/cm2 and does not induce temperature increases at a 
0.05% level as shown by use of a sensitive Hg thermometer with 
0.05"C accuracy [17,18]. Similar findings are also presented by 
other experimenters [19,20]. Human exposure from base station 
antennas at a distance of a few meters is normally of even lower 
power densities. 

Thus, environmental man-made EMFs are indeed unlikely to 
induce temperature increases in biological tissue, not even at the 
level of 0.05"C. Even the well-established thermal effect of 
"microwave hearing" attributed to thermo-elastic waves induced 
within the humadanimal head by pulsed microwave radiation is 
calculated to correspond to temperature increases at a threshold of 
only 5 x  10-60C [21]. Moreover, in the present paper it is shown 
theoretically that the energy absorbed by moving particles (free 
ions) within biological tissue due to environmental EMFs is 
millions of times smaller than the average thermal energy of such 
particles. Therefore if any temperature increases occur within 
biological tissue during exposure to environmentally accounted 
EMFs, they will normally be several orders of magnitude below 
1°C and thus are not detectable. 

The fact that the energy absorbed by living organisms due to the 
action of environmentally accounted man-made EMFs is indeed 
millions of times smaller than the average bio-molecular thermal 
energy, is the main reason why initially it was believed by scientists 
and authorities that environmental EMFs could not induce any 
biological effect [22]. That was based on the arbitrary hypothesis 
that an external EMF can only affect a living organism by 
increasing its temperature. Therefore, any non-thermal biological 
effect due to environmental man-made EMFs should be either not 
real, or attributed to hypothetical mechanisms such as the 
"stochastic resonance" by which biological matter can allegedly 
amplify small bits of information in a "sea" of white (thermal) 
noise by using the energy of the noise [23 ] .  Such speculations - 
although they cannot be excluded - are not anymore necessary, 
since it is now known that due to forced-oscillation, the coherent 
motion (in the same direction) of several charged particles (free 

uo 

2 .  
3 
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ions) within a cell in phase with a polarized external field can exert 
a larger resultant force on certain sensors (such as e.g. the voltage- 
sensors of electro-sensitive ion channels on cell membranes) than 
the mutually extinguishing forces on the same sensors due to their 
random &ermal motions in all possible different directions [5,6]. 

Even though some scientists still express skepticism regarding 
the existence of non-thermal effects [24], there is already a large 
and constantly increasing number of studies indicating that 
environmental man-made EMFs can produce severe biological 
alterations such as DNA damage without heating the biological 
tissue [ 1 0, 1 1 , 1 7-20,25-321. This can take place through non- 
thermal mechanisms that involve direct changes in intracellular 
ionic concentrations or changes in enzymatic activity [5,6,33-351. 
DNA damage may lead to cancer, neurodegenerative deceases, 
reproductive declines, or even heritable mutations. Brain tumors, 
decrease *in reproductive capacity, or symptoms reported as 
“microwave syndrome” (headaches, memory loss, fatigue, etc), are 
observed among people exposed to mobile telephony radiation 
during recent years [30,36-451. Recently the International Agency 
for Research on Cancer (IARC) has classified RF/microwave 
EMFs as “possibly carcinogenic to humans” [46]. 

The physics and biology of SAR 
Usually, SAR values are reported in papers regarding exposure 

of biological material to RF JLMFs, without any information about 
their calc$ation and without reporting the corresponding error. 
As already mentioned, SAR is defined as the ratio of the 

absorbed power P, per unit mass of tissue, (in W/kg). To be more 
accurate, since electric power is not equally absorbed by different 
parts of biological matter, SAR is defined as the incremental power 
dPabsorbed by an incremental mass of the tissue dm containcd in a 
volume element dV of a given density p [47]: 

dP SAR=- 
dm 

where dm = p dV, (p in kg/m3). 
Using Ohm’s law: 

j = a  

wherej is the electric current density (in A/m2) within the tissue 
due to the internal electric field E generated within the tissue, and 
a the specific conductivity of the tissue (in S/m), relation (5) after 
operations (see Appendix Sl), becomes: 

a.E2 SAR= - (7)  P 

From the derivation of the last relation for SAR (Appendix S 1) it is 
obvious that the quantities: j (generated current density), E 
(generated internal electric field), p (tissue density), a (tissue 
conductivity) are assumed to be constant within an organ (e.g. eye) 
or a group of organs (e.g. head) of a living body where we want to 
calculate SAR. This, of course, is an oversimplification since every 
organ or group of organs consists of many different types of 
biologic3 tissue and all the above quantities vary significantly 
between difTerent biological tissues and even within a single type of 
tissue and within a single cell. 

More specifically, conductivity varies for different tissues and 
different field frequencies. For example at a frequency of 1 GHz, 
conductivity in different tissues of the human body can vary from 
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about 0.04 S/m (bone marrow) to about 2.45 (cerebro-spinal 
fluid). Moreover the conductivity of a given tissue type increases 
considerably and non-linearly with frequency (up to a hundred 
times for a frequency range between 105-10’0 Hz) [48]. Even 
within a single cell, conductivity can have large variations from 
lop7 S/m (cell membrane) to 0.5-1 S/m (cytoplasm, extracellular 
aqueous solution) [49,50]. 

In addition, the available data on tissue conductivity are 
collected from measurements on dead animals and include large 
variations in relation to both tissue type and frequency range 
[48,5 11. These variations become even larger at in vivo conditions 
in alive animals. Higher conductivity values up to -300% than 
those previously reported, were recently measured in porcine 
organs ofjust sacrificed animals. The differences were attributed to 
the fact that the organs were still alive and filed with blood during 
the measurements in contrast to the previous studies which were 
performed on dead organs [52]. Moreover, the electrical 
properties of tissues - especially of the head - in all animals 
change with age. The relative permittivity of an adult human brain 
is calculated to be around 40 while the corresponding value for a 
young child‘s brain is between 60 and 80 resulting in almost 
double the radiation absorption and SAR [53,54]. 

Moreover, human tissue density varies from about 900 kg/m3 
(fat) to about1 200 kg/m3 (tumor) between different soft tissue 
types and reaches a value of about 1800 kg/m3 for bones [51]. 

From this analysis it follows that Eq. (7) provides a poor 
definition of SAR due to the large variations of the related 
quantities, regardless of the estimating method. Thus, any 
estimating method for S’ based on Eq. (7) (see next section) 
includes a very large uncertainty. 

For an homogeneous medium (thus neglecting again the local 
density variations) with specific heat c, [in J/(kg-K)] (thus 
neglecting also the local variations in the specific heat) and by 
use of a form of the calorimetry law: 

equation (5), becomes: 

dT SAR=C- 
dt (9) 

dQ . 
dt 

where: - is the wave power, transformed into an incremental 

amount of heat dQ within the tissue of mass m, producing an 
incremental temperature increase d T  during the incremental time 
interval dt. 

For a measurable time interval 6t  and a corresponding 
measurable temperature increase 6T, Eq. (9) can be written as: 

Since variations in specific heat within biological matter are 
usually much smaller than corresponding variations in conductiv- 
ity [48,51,55] resulting in a much more uniform temperature than 
electric field distribution, Eqs. (9), (10) provide a better way for 
SAR estimation and, consequently, definition. 

In addition, while differences in internal electric field intensity 
are retained during the whole exposure period since they depend 
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on tissue- permittivity which has large variations even within a 
single cell, differences in temperature between different locations 
of a tissue or organ are extinguished short time after the beginning 
of a constant exposure and temperature gets evenly distributed 
within a whole organ or even body. Moreover, while tissue 
conductivity and permittivity/internal electric field change signif- 
icantly with different frequencies of the external field/radiation, 
specific heat is independent from the external field and depends 
only on tissue properties. In case of exposure to microwave 
radiation which includes more than one different frequencies 
(carrier, pulse, modulation frequencies), conductivity and internal 
field intehsity depend on different simultaneous frequencies and 
their accurate estimation becomes, in any case, extremely 
complicated. 

Even if we consider only one frequency and additionally neglect 
internal electric field intensity and density differences, conductivity 
variations alone result in a considerably larger variability of SAR as 
calculated by Eq (7) than by Eq. (10). For example, most organs/ 
parts of the humadanimal body contain both muscle and fat 
tissues. While at 1 GHz muscle conductivity (-1.006 S/m) is 
about 1760% higher than fat conductivity (-0.054 S/m), muscle 
specific hFat (-3.5 kJ/kg.K) is only 56% higher than fat specific 
heat (-2.3 vkJ/kg.K). This would result to a -1700% larger 
variability in the SAR of this specific organ or part of the animal 
body when estimated by Eq (7) than when estimated by Eq. (10). 
At smaller frequencies conductivity variations increase consider- 
ably resulting in an even larger variability in the SAR calculation 
while specific heat has the same value. For example, at 10 MHz 
the above difference in SAR variability (-1700%) between Eqs (7) 
and (10) becomes-2125% (or 21.25 times larger variability in SAR 
value according to Eq (7) than according to Eq (10)) [56,57]. Ifwe 
add variations in internal electric field intensity and tissue density 
we may have hundreds of times larger variability in SAR values 
according to Eq (7) than according to Eq (10). Thus, while 
variation in SAR calculation according to Eq (10) is restricted to 
measurement errors and the assumption that c has the same value 
throughout the tissue, which somehow can be tolerated, corre- 
sponding variation in SAR according to Eq (7) includes similar 
errors plus tenths or even hundreds of times larger variability. This 
shows exactly that the only way to estimate SAR with some 
satisfactory accuracy is by measuring macroscopically the corre- 
sponding temperature increases - if any - within biological matter. 

Therefore, it follows that SAR actually applies only to thermal 
effects and it actually expresses the rate by which electromagnetic 
energy from an external electromagnetic wave/field is converted 
into heat within biological matter. But as we have shown already, 
man-made electromagnetic fields at environmental levels do not 
normally cause thermal effects (measurable temperaturc increases 
within exposed biological matter) and this is in agreement both 
with experimental studies [10,11,17-20,28,31,32,58] and plausible 
proposed mechanisms for the action of EMFs on cells [5,6,33-351. 
Thereby, it follows that, SAR is not a proper measure to describe 
the biological activity of man-made electromagnetic fields at 
environmental levels. 

The estimation of SAR 
SAR is estimated by one of the following ways, [59]: 1) Insertion 

of micro-antennas or probes into the tissue, which detect the 
internal electric field. If the conductivity and the density of the 
tissue are known (assuming they have constant values) and 
neglecting local variations in internal field value, the SAR can be 
computed from Eq. (7). 2) Insertion of miniature thermal probes 
into the tissue. If a change 6T in the temperature of the tissue is 
recorded, caused by the radiatiodfield during a time interval 6t, 

% 
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and the tissue is supposedly homogeneous with known specific 
heat, then SAR can be computed by Eq. (10). 3) Xumerical 
modeling, like the Finite Difference Time Domain, (FDTD) 
method, simulating the spatial distribution of the radiation energy 
within an object with the dimensions of the human body and 
computing SAR by Eq. (7). All the above waydmethods include 
significant error. 

The first way does not take into account the local variations of 
conductivity, density and internal electric field within the tissue as 
explained already. Therefore this approach to SAR assessment is 
highly simplified compared to the complexity of real biological 
matter. 

The second way provides a better approximation since 
temperature is much more evenly distributed within biological 
tissue than conductivity or electric field. But this assumes that there 
are detectable temperature increases (61j - thus assuming solely 
thermal effects -while usually there are not as already shown, and 
additionally, the insertion of needles (thermal probes) disturbs any 
living tissue/organ and distorts its physical properties in unpre- 
dictable ways. 

The third way, like the FDTD method, considered the best, 
simulates numerically the tissue by use of computers, dividing its 
volume into little pieces (voxels). Each voxel is assigned to certain 
values of conductivity, permittivity and density. Then SAR is again 
computed according to Eq. (7). Since within each voxel 
conductivity, permittivity, and density are assumed to be constant, 
this way also (alike the first way) represents an approximation and 
simplification. This is why earlier SAR estimations, defining the 
current criteria for whole body average SAR [60], are questioned 
by more recent and more accurate FDTD calculations [6163]. In 
any case, all methods of simulation, no matter how much 
improved, are and will always be, highly simplified compared to 
living tissue, since they can never take into account the countless 
variations in the physical parameters of living matter especially at 
cellular level. 

It follows that all the existing methods for SAR estimation, and 
especially those based on Eq (7), have serious deficiencies. 

In addition, it becomes evident that all methods for SAR 
estimation are highly sophisticated, complicated, and time- 
consuming, so that SAR cannot be readily measured/calculated 
by use of the equipment of an ordinary radiation/biological 
laboratory. 

The non-linearity between electromagnetic exposure 
and biological effect 

Dosimetry in science is necessary in order to find a quantitative 
relationship between cause and effect. The more well defined this 
relationship, the more useful the dosimetry. By knowing the 
relationship between cause and effect, we can predict the effect for 
different values of the magnitude of the cause for which we might 
have no experimental data. The most accurate prediction is when 
the cause-effect diagram is a straight line, e.g., where doubling the 
cause doubles the effect. In such a case we say that the cause-effect 
relationship is linear. 

The biological/health effects from man-made EMFs/non- 
ionizing radiation, do not follow a linear dose-response (or 
cause-effect) relationship according to the experimental evidence. 
Experiments have shown that, the absorption of a larger amount 
of energy by the same mass of a given tissue and within the same 
time-interval, does not necessarily induce a larger biological effect. 
In other words, a more intense field or larger SAR does not 
necessarily relate to a larger biological response or consequent 
health effect. 
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The non-linearity of biological effects of man-made EMFs, and 
especially RF/microwave fields modulated by Extremely Low 
Frequency (ELF) signals (0-300 Hz), where the largest effects do 
not correspond to the largest SAR or intensity values,has been 
reported in several experiments since the mid-seventies [64-671. 
Since thep, it has been repeatedly verified by numerous studies 
[18,31,68]. For example, in one of the studies regarding effect of 
GSM radiation on the permeability of the blood-brain barrier in 
rats, and although other studies found no effect on the blood-brain 
barrier [69], it was reported that the strongest effect was produced 
by the lowest SAR values which corresponded to the weakest 
radiation intensity [68]. 

Moreover, in several studies, regions of increased bioactivity 
called “windows” were recorded, where the biological effects 
reach a maximum compared to the effects at smaller or larger 
values of a physical parameter like the intensity (and thus SAR) or 
frequency of the radiation. The “windows” represent an as yet 
unexplained phenomenon of the biological effects of EMFs, where 
increased bioactivity appears within certain values of a physical 
parameter of the field/radiation, but not for lower or higher values 
of this parameter [18,31,67,70,7 11. Recently an intensity window 
on the biological effects of mobile telephony radiation was 
discovered where the effect on DNA damage was more intense 
around the value of 10 pW/cm2 in terms of the microwave - 
carrier - radiation intensity, than for intensities larger than 
250 pW/cm’. More specifically, the borders of this “window” 
were f o y d  to be located between 8 and 28 pW/cm2 [18,72]. 

In such a case of non-linearity, the inaccuracy between cause 
and predicted effect can be large. We should not make it even 
larger by using a dosimetric quantity that is further inaccurately 
estimated such as the SAR. Instead, we should at least use a 
measure that can be known more precisely. 

Such a more precise quantity is the radiatiodfield intensity on 
the surface of the biological object as measured by any qualified 
and calibrated radiatiodfield meter @lus the additional physical 
parameters of the field/radiation which can also be accurately 
known, such as pulse and/or carrier frequency, waveform, 
modulatien etc). 

Any inaccuracy in the intensity measurement, as for example it 
may occur within an antenna’s reactive near field, would be 
further increased in a corresponding SAR estimation. More 
specifically, if the electric field intensity E varies significantly 
within an antenna’s near field, the corresponding SAR value 
depending on E‘ (according to Eq. 9) will include this variation 
plus the variation in the conductivity and density of the biological 
matter. 

‘The reason for the non-linearity between electromagnetic 
exposure and biological effect may well be exactly the fact that 
the amoGnt of absorbed energy or the rate of its absorption (SAR, 
field intensity) does not determine the biological effect as we 
explained. Indeed, the amount of absorbed energy during a 
certain time-interval (in other words the rate of energy absorption) 
increases with increasing intensity or SAR. If the corresponding 
biological effect increased proportionally, there would be no 
“windows” or other non-linear effects in regards to intensity or 
SAR. Nevertheless such effects exist and they are repeatedly 
recorded since the mid-seventies. 

Finally, the non-linearity of several types of biological effects has 
been reported regardless of exposure to EMFs, and in response to 
a variety of external factors such as ionizing radiation, physiolog- 
ical, pharmacological, or chemical agents, environmental contam- 
inants, etc 173-781, indicating that a non-linear response to 
environmental factors is intimately associated with living matter. 

Discussion and Conclusions 

As explained, the only way that SAR can be calculated more 
accurately is through Eq. (1 0) by measuring temperature increases 
within the exposed biological tissues. But as shown in the present 
study, man-made EMFs at environmental levels do not normally 
cause measurable temperature increases except if they were 
millions of times more powerful. Thus, SAR - although not 
formally introduced specifically as a thermal term - actually refers 
only to thermal effects while the vast majority of the reported 
effects from environmental EMFs are non-thermal. 

Moreover, as we explained, even if SAR for a whole body, 
organ, tissue, or even a single cell could be accurately estimated for 
exposures to environmentally accounted man-made EMFs, the 
biological effect depends on which specific biomolecule(s) absorb 
certain amount of energy within a certain time-interval, and this is 
impossible to discern. 

Further, SAR offers no information at all with respect to 
frequency, waveform, or modulation of the EMFIradiation 
although these parameters are directly related in the literature to 
biological (and consequent health) effects. More specifically, it is 
repeatedly reported that amplitude-modulated or pulsed fields are 
more bioactive than non-modulated or continuous fields of the 
same carrier frequency, and the same average intensity (and thus 
the same SAR) [31,64-67,79-871. Moreover, it is reported that 
signals of the same SAR but with different modulation types 
produce different effects in the same biological sample [79,8 1,841. 
Real voice-modulated electromagnetic waves are considered to be 
more bioactive than simulated/periodically-modulated waves of 
similar other parameters and of the same SAR [10,28,31,58]. In 
some cases it is also reported that microwave radiation modulated 
in amplitude by an ELF field, produced similar effects with the 
specific ELF field alone [84]. 

A plausible explanation for the reported increased bioactivity of 
the ELF components of a microwave field can be given by the “ion 
forced-oscillation theory” [5,6], according to which the bioactivity 
of oscillating EMFs is inversely proportional to the frequency of 
the field and directly proportional to the amplitude of the forced- 
oscillation induced on free ions in the vicinity of cell membrane 
electrosensitive channels within the exposed biological tissue. 
Moreover, according to the same theory, pulsed fields are twice as 
much bioactive than the corresponding continuous wave (CW) 
fields with identical other parameters [5,6] and this explains the 
results of several studies reporting that pulsed fields are more 
bioactive than the corresponding CW ones [80,82,85,86]. 

A significant effect of carrier and modulation/pulse repetition 
frequency in microwave radiation is also indicated by several 
studies which have reported that fields of the same SAR but of 
different carrier or modulation frequencies produced different 
biological effects on the same biological sample [7 1,88-901. 

The above evidence regarding the importance of modulation 
and frequency of EMFs in regard to their biological activity is in 
total contradiction with any SAR approach, since it becomes 
evident that SAR alone - even if accurately estimated - is 
inadequate for predicting the biological effect, and the type of 
modulation as well as the frequency (modulation/pulse, carrier) 
have to be considered. 

Thus, not only the biological effect depends upon undetermined 
tiny amounts of energylpower absorption by specific biomolecules 
exhibiting different sensitivities to the specific external field/ 
radiation, but, moreover, it depends upon characteristics of the 
field/radiation, not taken into account in SAR calculation, such as 
modulation and frequency. Moreover, as explained, SAR estima- 
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tion encounters significant error, especially in the case of 
environmentally accounted man-made EMFs. 

In contrast to SAR, the characteristics of the external field, 
(intensity, frequency, etc.), can at the very least be measured much 
more accprately in any case. In case that the biological object is 
exposed within the reactive near field of an antenna where large 
variations of the intensity occur, SAR would be even more 
inaccurately estimated. 

For taking into account possible field distortion by the exposed 
biological object due to possible resonance phenomena and 
localized regions of enhanced radiation absorption, although such 
phenomena are not expected to alter significantly the field, 
radiationlfield intensity measurements must be carried out both in 
the presence and in absence of the biological object and in 
different locations corresponding to different parts of its surface. In 
case that-the measured values in presence and in absence of the 
object are significantly different between them, both sets of 
measured values must be reported. 

Certainly, because of the usually accounted non-linearity in the 
response of living matter to different external/environmental 
agents and especially to EMFs, neither SAR, neither radiation/ 
field intensity are expected to be precise predictors of the induced 
biological effects. But at the very least, radiatiodfield intensity can 
be readily and more accurately measured than SAR can ever be 
estimated, especially for environmentally accounted man-made 
EMFs. 

We cohclude that SAR should not be considered as a proper 
dosimetric quantity to describe non-thermal effects which consti- 
tute the vast majority of the effects produced by man-made EMFs 
in our everyday environment. SAR should only be used 
complementarily to intensity measurements and the methods of 
its calculation along with the corresponding error should always be 
reported so that the reader can have information about the 
variability of the stated SAR values. For the same reason the 
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